Summary. The use of testicular interstitial fluid (IF) collected from the rat testis has been validated as (1) 
Introduction
One of the major difficulties encountered in the study of male reproductive physiology is the measurement of intratesticular hormonal changes. To date, practically all in-vivo studies of testicular function have relied on measurements made in fluids draining from the testis (spermatic vein blood, lymph and rete testis fluid), although the composition of these fluids does not necessarily reflect the qualitative or quantitative composition of fluids within the testis. This is likely to be particularly true for hormones or factors which are produced and act within the testis, e.g. testosterone.
In the rat testis there are large interstitial sinusoids filled with interstitial fluid, which bathes and separates the Leydig cells and seminiferous tubules (Fawcett, Neaves & Flores, 1973; Clark, 1976) . This fluid is therefore likely to provide a reliable indication of intratesticular (extratubular) hormone concentrations. Testicular interstitial fluid can be collected in relatively large quantities µ /testis in an adult rat) by using extremely simple techniques (Sharpe, 1980 (Sharpe, ,1981 , and its composition, including its testosterone concentration, has been reported previously (Sharpe, 1979) . In addition, it has been shown that injection of rats with human chorionic gonadotrophin (hCG) results in a large increase in the volume of interstitial fluid within the testis (Sharpe, 1979 (Sharpe, , 1980 (Sharpe, , 1981 , because of an increased permeability of testicular capillaries (Setchell & Sharpe, 1981) . This change is a crucial factor in regulating the energy and uptake of hCG (LH) in the testis (Sharpe, 1981 (Sharpe, , 1983 .
The collection of testicular interstitial fluid is therefore of considerable potential value, both as an indicator of changes in capillary wall permeability (i.e. by measurement of interstitial fluid volume) and as a means of assessing changes in the interstitial hormonal environment of the testis. However, before this potential can be realized it has to be shown (1) that the measurement of testicular interstitial fluid volume provides a valid index of the total extracellular (extratubular) fluid volume, and (2) Sharpe & Swanston, 1979; Sharpe, 1983) . Groups of 3 intact and 3 cryptorchid rats were then killed at 8, 16, 24 and 40 h after injection; control animals were treated as described in Exp. 1. Animals were killed with C02, blood was collected from the trunk and the paired testes were dissected out and subjected to the procedures described below.
In Exp. 3, interstitial fluid collected from the testis by 2 different methods was compared. Rats aged 69 days were injected subcutaneously with 0-1 ml 0-9% (w/v) NaCl containing 0-2% BSA or with 1-5 µg ovine LH (NIAMDD-oLH-S23) in the same vehicle. Animals were killed 2 h later and their testes subjected to the procedures described below.
Comparison of testosterone levels in interstitial fluid and serum. Three experiments were performed to assess the relationship between levels of testosterone in serum and interstitial fluid in different situations. In Exp. 4, groups of 5 untreated rats aged 25, 45, 60, 80 (0-5-0-8 ml) spermatic vein blood had been collected, the animals were immediately killed, peripheral blood was collected from the trunk and the testes were dissected out and testicular interstitial fluid collected as described below. Six rats injected subcutaneously with saline (9 g NaCl/1) served as controls and these were killed in two groups at 2 and 40 h after injection and subjected to the above procedures.
In Exp. 6, rats aged 55 days were injected subcutaneously with 5 ng LH-RH agonist (D-Ser-tbu6,des-Gly-NH210) LH-RH ethylamide; Hoechst, A.G., West Germany) in 0-5 ml 0-9% (w/v) NaCl containing 5 mg gelatin (Sigma)/ml and 2-5 mg BSA/ml. Groups of 4 such rats were killed at ¿, 1,2,4,6 and 16 h after injection and trunk blood and testicular interstitial fluid were collected for hormone analysis. Four rats injected with the vehicle alone and killed 4 h after injection served as controls.
Collection of testicular interstitial fluid. Interstitial fluid was collected from individual testes essentially as described previously (Sharpe, 1981 (Sharpe, ,1983 . Immediately after removal of the testis the caudal end of the testicular capsule was incised carefully and the testis was placed upright in an 83 13 mm polystyrene tube such that the testis was suspended 1-2 cm above the tube bottom. Fluid was then allowed to percolate from the testis into the tube bottom over the next 16-20 h at 4°C. The testis was then removed and the tubes centrifuged for 5 min at 1000 g to precipitate any contaminating erythrocytes and the interstitial fluid volume was measured by aspiration in 20 µ amounts. The fluid was then diluted with 10 volumes of 001 M-phosphate-buffered saline (pH 7-5) containing 0-2% BSA and stored at -20°C before assay of testosterone. In animals injected with 125I-labelled BSA the same procedures were followed except that before collection of interstitial fluid the radioactivity in each testis was determined by counting for 1 min in a gamma counter, and the level of radioactivity in the recovered interstitial fluid was measured similarly. In the same animals the radioactivity in 1-5 ml serum was also measured and ranged from 21 to 73 x 103 c.p.m./ml, depending on the time after injection.
In Exp. 3, interstitial fluid prepared as described above was compared with fluid collected over a shorter time period. The right testis from each animal was processed as described above whilst the left testis was decapsulated carefully and placed in a 0-5 ml serum vial for 45 min at room temperature. The small amounts of fluid which had collected around the bottom of the testis were then aspirated and centrifuged for 5 min at \000g; the supernatant was aspirated in 5 µ amounts and processed as described for interstitial fluid.
Measurement of the testicular albumin space. The albumin space within the testis provides a measure of the extratubular extracellular fluid volume (Setchell, 1978; Setehell & Sharpe, 1981) because albumin does not penetrate appreciably into the seminiferous tubules (Setchell, Hinton, Jacks & Davies, 1976) . In the present studies the albumin space was determined by comparing the c.p.m. 125I-labelled BSA per testis with the c.p.m. 125I-labelled BSA per µ serum in individual animals ; division of the former by the latter yields the albumin space in µ per testis (Setchell & Sharpe, 1981) . This measurement is only accurate when the levels of ' 25I-labelled BSA in serum and testicular extracellular fluid (i.e. interstitial fluid) have equilibrated and this takes 4-6 h after injection but is then maintained for 40 h or longer (Setchell & Sharpe, 1981 ; Sharpe, 1981 Sharpe, , 1983 . Therefore, in the present studies the albumin space was measured no earlier than 8 h after injection of ' 25I-labelled BSA, and confirmation that equilibration had occurred was obtained by comparing the concentration of labelled BSA in serum and testicular interstitial fluid in individual animals.
The ratio of these values always fell within the range 0-93-1 -05. For each rat the albumin space and recovered interstitial fluid volume per left and right testis was measured, and the mean of these values was used in all subsequent calculations and comparisons.
Radioiodination. BSA (fraction V, Sigma) was labelled with 125I using lactoperoxidase (Miyachi, Vaitukaitis, Nieschlag & Lipsett, 1972) Testosterone concentrations in serum and interstitial fluid were measured by radio¬ immunoassay (Corker & Davidson, 1978) . Serum was extracted with 10 volumes of hexane : diethyl ether (4:1, v/v) before assay whilst interstitial fluid was assayed unextracted after appropriate dilution. It has been established previously (Sharpe, 1979) (Furuyama, Mayes & Nugent, 1970) to remove interference from non-specific serum factors which occurs at this age. This Chromatographie step had no significant (P > 0-05) effect on the levels of testosterone measured in interstitial fluid, but more than halved (P < 0-01) fig. 1 ) were virtually identical, with values increasing significantly (P < 001) at 8-24 h in control rats and at 16-24 h ( < 0-001) in bilaterally cryptorchid rats. As in Exp. 1, values obtained for the volume of recovered interstitial fluid from testes of controls rats were only 39-58% of the corre¬ sponding albumin space. In bilaterally cryptorchid rats the recovered fluid volume more closely approximated (51-83%) the testicular albumin space and in these animals the albumin space and interstitial fluid volume were significantly (P < 0-001) greater than in testes from control rats at all times other than at 8 h after injection (Text- fig. 1 ).
Although the recovered interstitial fluid volume was always less than the measured albumin space in testes from all animals in the 4 groups shown in Text- fig. 1 , the values for these two measurements were always closely correlated (P < 0-001), both within each treatment group and overall in the two experiments (Text-fig. 2 ). fig. 3 ). Similarly, when the ratio of the testosterone concentration in interstitial fluid to that in peripheral venous blood was compared, differences comparable to those illustrated for interstitial fluid/spermatic venous blood were observed whilst the spermatic/peripheral venous blood ratio of testosterone showed no significant (P > 0-05) variation with time after injection (data not shown). In this study, the recovered interstitial fluid volume was increased significantly (P < 0-001) at 4 h after injection of LH (102 ±increase in LH was accompanied by a 10-fold increase in the values of testosterone in interstitial fluid and peripheral serum (Text-fig. 4 ). The change in testosterone levels followed the changes in serum LH levels up to 4 h after injection, but at 6 h there was a secondary increase (P < 0-001) in the concentrations of testosterone in interstitial fluid and serum and even by 16 h testosterone levels were still raised significantly (P < 0-05) above control levels. This secondary increase in testosterone values occurred in the absence of any increase in the serum concentrations of LH, but was associated with a significant (P < 0-01) increase in the testicular interstitial fluid volume, which was first evident at 6 h and persisted until 16 h after injection (Text- fig. 4 ).
Text- fig. 4 
Discussion
To reach their testicular targets, all blood-borne hormones and nutrients must first pass from the capillaries into testicular interstitial fluid, and this is also the medium by which the Leydig cells and seminiferous tubules communicate (Fawcett et al., 1973 ; Clark, 1976 The method used for the collection of interstitial fluid is unlikely to result in 100% recovery of extracellular extratubular fluid within the testis, if only because the lymphatic sinusoids from which it must drain are discontinuous, convoluted and looped (Clark, 1976) , and so pockets of interstitial fluid will remain. However, it is reasonable to expect that the volume of fluid recovered will vary in proportion to the total volume of interstitial fluid, and this was assessed by comparing the total interstitial fluid volume (i.e. the albumin space) with the volume of recovered fluid. Albumin was used as a marker because it does not penetrate into the seminiferous tubules (Setchell et al., 1976) or into cells (see Setchell, 1978; Setchell, Laurie & Fritz, 1980) , and it therefore provides an accurate assessment of the extracellular extratubular fluid volume within the testis (Setchell & Sharpe, 1981 (Sharpe, 1979) , but the present finding that the ratio of the concentration of 125I-labelled BSA in serum and interstitial fluid at equilibrium never fell below 0-93 reaffirms that contamination of the recovered interstitial fluid with seminiferous tubule fluid (which will contain negligible labelled albumin) was minimal. Contamination of interstitial fluid with serum from testicular blood must also be minimal in view of the minute total blood volume contained within the testis (Setchell & Sharpe, 1981) . (Comhaire & Vermeulen, 1976) , and the pattern of change in levels broadly paralleled those in the vasculature. In particular, the observation that changes in testosterone levels in interstitial fluid over 30-or 60-min highest in rats of 25 days of age and decreased significantly to lower levels at later ages. This change is perhaps related to the altered distribution of testicular capillaries which occurs during early puberty (Kormano, 1967) . The importance of testicular interstitial fluid as a regulator of hormone transport into the testis (Sharpe, 1981 (Sharpe, , 1983 is also illustrated in the present studies. When LH-RH agonist was injected subcutaneously to stimulate LH and hence testosterone secretion (Exp. 6), rising serum levels of LH were paralleled by rising levels of testosterone in interstitial fluid and peripheral serum up to 2 h, but between 4 and 6 h, when serum levels of LH fell below those in control animals, testosterone values in both compartments showed a secondary increase (Text- fig. 4 ), a change almost identical to that in immature rats injected with LH-RH agonist (Sharpe & Fraser, 1980a) . Two possible causes of this apparent 'LH-independent' increase in testosterone secretion are that it is due to (1) a direct effect of the LH-RH agonist on the Leydig cell, or (2) the associated increase in interstitial fluid volume (Text-fig. 4 ). Although the former option is consistent with the initial stimulatory effects of LH-RH agonist on Leydig cell testosterone secretion, the magnitude of the secondary increase in testosterone and its timing make this possibility less likely (see Sharpe, Doogan & Cooper, 1982; Sharpe & Harmar, 1983) . In contrast, the increase in interstitial fluid volume between 4 and 6 h after injection of LH-RH agonist, which occurred presumably in response to the raised levels of LH (Setchell & Sharpe, 1981) , would have increased the transport of LH from the bloodstream into interstitial fluid and hence to the Leydig cells (Sharpe, 1981 (Sharpe, , 1983 . Therefore, although in this experiment the serum levels of LH remained at or below control levels between 6 and 16 h, the amount of LH reaching the Leydig cells would have been above normal due to the increase in capillary wall permeability. This re-emphasizes the potential importance of capillary wall permeability changes as a means of locally regulating gonadotrophin entry into the testis.
This study has demonstrated that the collection of interstitial fluid from the rat testis can provide a reliable guide to the total volume of testicular interstitial fluid (and thus to the permeability of testicular capillaries) and to the composition of the fluid that normally surrounds the Leydig cells and seminiferous tubules. It provides a simple means of sampling the intra¬ testicular environment and has obvious applications in the measurement of factors such as inhibin and androgen-binding protein, which are secreted within the testis, and hormones such as testosterone, oestradiol, 'testicular LH-RH' (Sharpe & Fraser, 1980b) and endorphins (Dong, Phillips, Halmi, Krieger & Bardin, 1982) , all of which are believed to be of importance as intra¬ testicular communicators or regulators.
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